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nvironmental pollution by heavy metals underwent a marked increase in the last decades due to their continuous release and accumulation in the terrestrial and aquatic ecosystems. Soil pollution by heavy metals has reasonably increased in the last decades to discharge of wastewater and waste from anthropogenic sources. Plants absorb various kinds of heavy metals when available in the soil or irrigation water (Naz et al., 2015) . These elements easily taken up by plants and then enter food chain, resulting in a serious health issue for human including neurotoxicity, hepatotoxicity, nephrotoxicity, mutagenicity and carcinogenicity (Zhuang et al., 2009) . The general toxic effect of heavy metals is considered to be a result of inactivation of enzymes and /or functional proteins by directly binding to them (Ginn et al., 2008) . This may be partly due to oxidative damage by formation of reactive oxygen species (ROS) (Stohs and Bagchi, 1995; Tsuji et al., 2002; Valok et al., 2005) . Emphasis on heavy metals toxicity has been directed to their abilities to induce free radical formation and biomethylation as well as alter in gene regulation (Silbergeld and Waalkes, 2000; Grover et al., 2010; Singh et al., 2010) .
Among common pollutants that affect plants, lead is one of the most toxic elements because of its strong binding with organic and/or colloidal materials (Shahid et al., 2011) . Lead used widely in many industrial processes and occurs as a contaminant in all environmental compartments; soils, water, and the atmosphere (Islam et al., 2007) . Lead adsorption onto roots has been documented to occur in several plant species: Vigna unguiculata (Kopittke et al., 2007) , Festuca rubra (Ginn et al., 2008) , Brassica juncea (Meyers et al., 2008) and Funaria hygrometrica (Krzesłowska et al., 2010) . Lead may enter the roots through ionic channels (Wang et al., 2007) . Several authors have demonstrated that calcium permeable channels are the main pathway by which lead enters roots (Wang et al., 2007; Pourrut et al., 2008) .
Lead (Pb) toxicity seems from its ability to bind strongly to different types of bimolecules such as amino acids, DNA and RNA, and several enzymes, thus interfering with many metabolic pathways (Naz et al., 2015) . According to Mitler (2002 ) , the toxicity of heavy metals including Pb and zink (Zn) may arises as a result of the generation of reactive oxygen species (ROS) that may cause wide ranging damage to proteins, nucleic acids, lipids and eventually apoptosis (cell death). The first step by which lead induces plant E toxicity is the binding of the lead ions to cell membranes, producing rigidity in this component (Seregin et al., 2004) . The second step is the disruption of microtubules and disturbances in the G2 and mitotic stages of cell division (Suradkar et al., 2009) .
Germination is strongly inhibited by very low concentrations of Pb (Tomulescu et al., 2004; Islam et al., 2007) . Inhibition of germination may result from the interference of lead with protease and amylase enzymes (Sengar et al., 2009) . Plant biomass can also be restricted by high doses of lead exposure (Singh et al., 2010) . Jiang and Liu (2010) reported mitochondrial swelling, loss of cristae, vacuolization of endoplasmic reticulum and dictyosomes, plasma membrane and nuclei injured after 48-72 h of lead exposure to A. sativum roots.
SDS-PAGE profiles were used to establish the mutagenic potentiality of different chemicals (Abdel Salam et al., 1997a) . Electrophoretic analysis of protein provides information concerning the structural genes and their regulatory systems that control the biosynthetic pathways of that protein (Khalaf et al., 2013) . At biochemical levels, the environmental stresses cause changes in protein metabolism (Fayez, 2000) .
Advantages of measuring the genotoxicity in plants at DNA level are mainly related to sensitivity and short response time. Molecular markers have advantages over morphological, cytological, and biological markers and have been applied extensively in the life sciences (Fang and Roose, 1997) . They provide new tools for detection of genetic alteration in response to toxic chemicals at the level of DNA sequence and structure. ISSRs and SRAP are DNA-based markers that have become widely used in different plant research (Karaca and Izbirak, 2008; Daniel and Andrea, 2014) . ISSRs permit detection of polymorphisms in intermicrosatellite loci, using a primer designed from dinucleotide or trinucleotide repeats. This method not requires information about genomic sequences and high level of polymorphism could be realized (Fernández et al., 2002) . SRAPs have numerous advantages such as multilocus and are an effective tool for carrying out comparative genomics (Lin et al., 2004) . In addition, SRAP markers require no complex mix of enzymes for cutting, connection, and pre-amplification compared with that needed for amplified fragment length polymorphism markers, which makes SRAP a more effective molecular marker system for genome studies (Xu and Zhao, 2009) . The resulting DNA profiles may differ due to missing bands, the appearance of new bands or change in band intensities. These bands can be scored to evaluate genetic similarities or dissimilarities.
The aim of this study was to investigate the changes in the protein and DNA profiles induced by Pb using SDS-PAGE, ISSR and SRAP analysis, and to compare these changes with growth parameters such as root and shoot growth of barley (Hordeum vulgare) seedlings.
MATERIALS AND METHODS
Plant material and growth conditions
The barley (Hordeum vulgar L.) (Giza 123) grains used in this investigation were kindly supplied from Field Crops Research Institute, Agriculture Research Center (ARC), Giza, Egypt. They were soaked for 2-3 days in distilled water, and then 15 germinated grains were selected and transferred to plastic pots containing 1 kg of steam sterilized soil at 2.0 cm depth. The experiments conducted in the present study were set up in three replicates; Hogland's solution (Hogland and Armon, 1950) was supplied to plants three times per week. To stimulate heavy metal contamination in soil, barley plant groups were treated with 50, 100 and 150 mg/l lead (in the form of Lead acetate). Control plants treated with tap water. After 15 days of sowing the growth inhibition test was performed and the root and shoot lengths were measured.
Inhibitory rate (IR%) of the above indices was calculated by the following formula: IR= (1-a/n) x100. Where (a) and (n) are the average values detected in the treated sample and control, respectively.
Soluble protein analysis using SDS-PAGE
Leaf samples (0.5 g) were collected at 15 days old seedlings grown under control and lead treatments then ground in cold pestle mortar to a fine powder under liquid nitrogen and mixed with 2 ml water-soluble extraction buffer (1 M Tris HCl, pH 8.8, 0.25 M EDTA). Samples were transferred to eppendorf tubes and left in refrigerator overnight, then vortexed for 15 seconds and centrifuged at 12000 rpm at 4C for 20 minutes. The supernatants were collected and protein concentration was estimated using Bradford's method (Bradford, 1976) by measuring absorbance at 595 nm using spectrophotometer and expressed as μg/g fresh weight.
SDS-PAGE was performed by the methods described previously by Laemmili (1970) . A volume of 50 μl of protein extract was added to the same volume of buffer (10% SDS, Glycerol, 1 M Tris HCL, pH 8.8, 0.25 M EDTA) in eppendorf tube, and 10 μl 2-Mercaptoethanol was added to each tube and boiled in water bath for 10 min, then 10 μl bromophenol blue was added to each tube before sample loading. Protein bands were visualized by staining the gel using 0.25% Coomaisse brilliant blue (R-250) and after bands becomes clear the gels were photographed and scored depends on the presence (1) and absence (0) of bands. Molecular weights of different bands were calibrated with Sigma wide range molecular marker (116-13 kDa).
Genomic DNA isolation and PCR analysis DNA extraction: DNA was extracted from the young leaves (15 days old seedling) using the procedure reported by Doyle and Doyle (1990) . DNA concentrations of total genomic DNA in each sample were estimated using a spectropho-tometer (TU 1880 Double Beam UV-VIS).
ISSR-PCR analysis:
Nine ISSRs primers listed in Table ( 1) were used in this study. Amplification was performed in a DNA thermal cycler (Techne. Thermal cycler) using the temperature conditions as shown in Table ( 2). Electrophoresis of DNA samples were performed on 1.7% agarose gel and visualized with 0.5 mg/ml ethidium bromide. DNA bands were photographed under UV light. The size of each amplification product was automatically estimated using UV soft image analyzer system.
SRAP-PCR analysis:
SRAP is a PCRbased marker system with two primers, a forward primer of 17 bases and a reverse primer of 18 bases. Three out of ten pair of primers was used in this study ( Table  1) . The forward primers consist of a core sequence of 14 bases. The first ten bases starting at the 5′ end are "filler" sequences of no specific constitution, followed by the sequence CCGG and then by three selective nucleotides at the 3′ end (Li and Quiros, 2001) . Variation in these three selective nucleotides generates a set of primers sharing the same core sequence. The reverse primers consist of the same components as the forward primers with the following variations: the filler is followed by AATT instead of the CCGG sequence. Following the AATT sequence, three selective bases are added to the 3′ end of the primer. The only rules for construction of the forward and reverse primers are that they do not form hairpins or other secondary structures, and to have a GC content of 40-50%. Further, the filler sequences of the forward and reverse primers must be different from each other and can be 10 or 11 bases long. Amplification reaction was performed in a according to the following temperature conditions as shown in Table ( 3). DNA bands were photographed under UV light. The size of each amplification product was automatically estimated using UV soft image analyzer system.
Data analysis
Each variable SDS-PAGE, ISSR and SRAP bands were considered as a locus, so scored as present (1) or absent (0). Genomic template stability (GTS%) was calculated according to the following equation: GTS = (1-a/n) x100, where a is the average number of polymorphic bands detected in each treated sample and n is the number of total bands in the control. percentage of polymorphism observed in both of SDS-PAGE, ISSR and SRAP profiles was calculated included disappearance of normal band, appearance of a new band or change in band intensities in comparison with control profile. It is suggested that alternations in DNA profiles due to genotoix exposure can be regarded as changes in genomic template stability (GTS, a qualitative measure of genotoxic effects) Abdelmigid, 2010) .
Statistical analysis
The statistical analysis of the obtained data was done using the Least Sig-nificance Difference test (LSD) at 1% and 5% levels of probability (Snedecor and Cochran, 1973) .
RESULTS AND DISCUSSION
Evaluation of plant growth
In the present investigations all Pb concentrations had an inhibitory effect on shoot and root lengths and it was found dose dependant compared with control (Table 4) . At high concentration of lead (150 mg/l), the root and shoot length was found 2.50 and 5.32, as compared with untreated seedling which was found 10.60 and 6.50, respectively. The results showed that root length was significantly inhibited in response to increase of lead concentrations compared to the control plantlets, whereas stem elongation was partially affected. In a previous study of barley, Ali et al. (2004) reported that shoots continue their growth after inhibition of root growth by several metals suggesting that metals are mainly accumulated in the barley roots. Similar results were recorded with Allium cepa (Liu et al., 1994) as well as in Zea mays (Jiang and Liu, 2010) . Seregin et al., (2004) showed that lead inhibits root growth as a result of disruption of cell cycle. Inhibition of root growth is regarded as the first obvious effect of heavy metals in plants ( Ali et al., 2004) . The root length was more sensitive parameter than shoot length at every Pb concentration (Faheed, 2005; Naz et al., 2015) . The presence of heavy metals severely effects the plant growth and development than any more others environmental stress (Mujahid et al., 2013) . Heavy metals reduce growth rates of plants by affecting many process such as mineral and water uptake (Barcelo and Poschenrieder, 1990) , inhibition of enzymes activities (Tam'as et al., 2006) , membrane function (Hern´ and Cooke, 1997), oxidation and cross linking of proteins (Ortega-Villasante et al., 2005) , induction of DNA damage (Gichner et al., 2008) and inhibition of cell division (Fusconi et al., 2006) .
Results from multiple studies demonstrate that nutrient uptake by plants is significantly affected by the presence of lead (Chatterjee et al., 2004; Sharma and Dubey, 2005; Gopal and Rizvi, 2008) . Photosynthesis inhibition is a well-known symptom of lead toxicity (Cenkci et al., 2010) . Even when small amounts of lead penetrate root cell membranes; it interacts with cellular components and increases the thickness of cell walls (Krzesłowska et al., 2010) . The presence of Pb ions causes a large accumulation of ABA in roots and aerial plant parts (Cenkci et al., 2010) , leading to stomatal closure (Mohan and Hosetti, 1997) . According to Elzbieta and Miroslawa (2005) , the foliar respiration of plants is also reduced by lead exposure, because the deposition of a cuticle layer on leaf surfaces.
Changes in protein banding pattern
SDS-PAGE analysis was used by some authors to study the effect of environmental stress on protein profiles (Shehab et al., 2004; Telma et al., 2008) . The protein profiles showed qualitative and quantitative variations among the in-vestigated samples. These variations included: the appearance of new bands, disappearance of some bands, and changes in band intensity in comparison with that of the control plants. Similar results were obtained by other authors (Fayez, 2000; Telma et al., 2008) .
Table (5) and Fig. (1) demonstrate the effect of the tested heavy metal (lead) on the protein banding patterns of barley. The total number of protein bands recorded was 21 bands with molecular weights ranging from 114 to 13 KDa. Only nine polymorphic bands were recorded with 42.86% polymorphism. The most visible changes in the SDS-PAGE patterns were the appearance of new bands like the band with molecular weights of 100, 30 and 17 KDa while protein bands with molecular weight of 85, 51, 47, 28, 20 and 16 KDa. were disappeared after treatment with Pb. Band intensity was also observed for the protein bands with a molecular weight of 93, 63, 65 and 43 KDa (Table 5 ).
The alternations in the electrophoretic profiles of seed proteins are indicative of the ability of lead (Pb) to alter the gene expression in exposed plant. The appearance of new bands may be explained on the basis of mutational events at the regulatory system of unexpected gene(s) that activate it (EL-Nahas, 2000). Telma et al. (2008) found that the expression level of various genes encoding heat shock proteins increased after a short term of oxidative stress treatment. The disappearance of some bands might be to the deletion of their corresponding genes (Abdelsalam et al., 1997a) . The appearance of some bands or disappearance of novel ones could also be explained on the basis of mutational events at the regulatory genes that either activate transcription or suppress unexpected genes, respectively (Abdelsalam et al., 1997a) . On the other hand, changes in band intensities may be due to the induction of gene mutation at the regulator gene level that increases the rate of transcription of a particular structure gene (Gamal El-Din et al., 1988) . The protein profile of bean seedlings was modified after lead exposure (Beltagi, 2005) . Such modification can be correlated to the change that occurs in the transcriptome profile of several enzymes.
According to Gupta et al. (2009) , the effect of lead on protein is unclear, although high concentrations may decrease the protein pool. This quantitative decrease in total protein content is the result of several lead effects: acute oxidative stress of reactive oxygen species (ROS) (Piotrowska et al., 2009) , modification in gene expression (Kovalchuk et al., 2005) , increased ribonuclease activity (Gopal and Rizvi, 2008) , protein utilization by plants for the purposes of lead detoxification, and diminution of free amino acid content. However, certain amino acids, like proline, increase under lead stress (Qureshi et al., 2007) . Such proteins play a major role in the tolerance of the plant to lead.
The change of ISSRs profile
ISSRs profiles showed substantial differences between control and Pb-treated seedlings with apparent changes in the number and size of amplified DNA fragments with different primers (Tables 6-a &7 and Fig. 2 ). Nine primers were utilized to discriminate control from barley plants contaminated with lead. These primers were able to produce reproducible bands from control and treated barley plantlets. Polymorphism was evidenced as the presence and/or absence of DNA fragments between the samples. A total of 53 amplified bands (loci) from the nine primers were identified in the control seedlings ranging from 410-1927 bp in molecular size (primer ISSR-9 and primer ISSR-8 respectively (Tables 6 & 7 and Fig. 2 ). ISSR patterns generated by the lead exposed plantlets were dramatically different from those obtained using control DNA. Different polymorphic bands were detected at each concentration of lead treatment for different primers. The detected % of polymorphisms was 32.08%, 33.96% and 71.70% for 50, 100 and 150 mg/l lead treatment, respectively.
Previous studies have showed that changes in band patterns observed in DNA fingerprint analyses reflected DNA alterations from single base changes (point mutations) to complex chromosomal rearrangements (Atienzar and Jha, 2006; Ozturk et al., 2010) . The principal events that were observed in the ISSR patterns to occur subsequent to lead exposure were: loss of normal bands, and appearance of new bands in comparison with the normal control plants. Almost, the nine primers detected more than one such alteration in a given sample. The maximum number of disappearing ISSR bands (29) was found to be at the higher concentrations (150 g/l). The bands of molecular size approximately 1476 and 1000 bp disappeared and extra band with molecular size approximately of 608 bp was appeared at all concentrations (Table 7 and Fig. 2) . The disappearance of bands may be attributed to the presence of DNA photoproducts (e.g. pyrimidine dimers), which can act to block or reduce the polymerization of DNA in the PCR reaction (Donahue et al., 1994; Atienzar et al., 2000) . It is suggested that the DNA damage may be serious in the majority of cells of barley seedlings exposed to toxic chemicals. At higher lead concentrations, it seems that the extent of DNA lesion is so important that the Taq DNA polymerase is more often blocked which implies a disappearance of band (depending on the extent of DNA damage). The disappearance of PCR products mainly affected the high molecular weight bands because the odds of obtaining DNA photoproducts increase with the length of the amplified fragment (Ateinzar et al., 2000) . On the other hand, mutations (new annealing events) can only be responsible for the appearance of new bands if they occur at the same locus in a sufficient number of cells. A minimum of 10% of mutations may be required to get new PCR product visible in agarose gel to be amplified by PCR (Ateinzar et al., 2000) . Thus, the new bands could be attributed to mutations while the disappeared bands could be attributed to DNA damage.
Among molecular markers, ISSRs represent an easy and widely adopted sys-tem, since their use does not require any prior information about target sequences and their efficiency and reproducibility are ensured (Fang and Roose, 1997; Bornet and Branchard, 2001; Pradeep-Reddy et al., 2002) .
The change of SRAP profile
In the present study, SRAP was used to find marker related to lead stress and to assess genetic variation of barley under lead stress. Sequence-related amplified polymorphism (SRAP) markers have been developed, which were used to amplify coding regions of DNA with primers targeting open reading frames. The SRAP system is easy to perform gives stable and moderate yields. Moreover, SRAPs have numerous advantages such as multilocus and is an effective tool for carrying out comparative genomics (Lin et al., 2004) . In addition, SRAP markers require no complex mix of enzymes for cutting, connection, and pre-amplification compared with that needed for amplified fragment length polymorphism markers, which makes SRAP a more effective molecular marker system for genome studies (Xu and Zhao, 2009 ). This method provides an alternative choice to other system for obtaining highly reproducible marker. The disappearing of a normal band and/or appearing of a new band or change in band intensities are the obvious changes in the SRAP patterns generated by Pb treatments. A total of 17 amplification products (loci) from the 3 combinations primers were identified in the control seedlings ranging from 127-1883 bp in molecular size (Tables 6-b &7 and Fig. 3 ). Different polymorphic bands were detected at each concentration of lead for different primers. The detected % of polymorphisms 52.94%, 58.82% and 70.59% for 50, 100 and 150 mg/l lead treatment, respectively. The number of disappearing SRAP bands was the highest (7) in Pb treated seedlings 150 mg/l. Moreover, the number of appearing SRAP bands was the highest (4) in Pb treated seedlings 100 and 50 mg/l.
Genetic relationship among the different barley treatment plants
Genetic similarity matrices among barley treatments and the control as computed according to Dice coefficient of ISSR ranged from (0.78) to (0.96) (Table 8-a and Fig. 4-a) . The lowest genetic similarity (0.78) was between control and lead treatments (150 mg/l). On the other hand, the highest genetic similarity (0.96) was between 50 mg/l and 100 mg/l lead treatments. Genetic similarity matrices among barley treatments and the control as computed according to Dice coefficient of SRAP ranged from (0.66) to (0.87) (Table 8-b & Fig. 4-b) . The lowest genetic similarity (0.66) was between control and treatments (150 mg/l). On the other hand, the highest genetic similarity (0.87) was between 100 mg/l and 150 mg/l lead treatments. Genetic similarity matrices among barley treatments and the control as computed according to Dice coefficient of combination data from ISSR and SRAP ranged from (0.28) to (0.93) (Table 8-c & Fig. 4-c) . The lowest genetic similarity (0.28) was between control and treatments (50 mg/l). On the other hand, the highest genetic similarity (0.93) was between control and 100 mg/l lead treatments.
In recent decades, environmental contamination by heavy metals has risen dramatically. It is known that certain heavy metals can cause DNA damage and carcinogenic effects in animals and humans, and are probably related to its mutagenic activity. On the other hand, mutations can only be responsible for the appearance of new bands. A minimum of 10% of mutations may be required to get new PCR product visible in agarose gel to be amplified by PCR (Ateinzar et al., 2000) . Thus, the new bands could be attributed to the mutations while the disappeared bands could be attributed to DNA damage (Abdelmigid, 2009). Lead creates breaks in double strands of DNA (Rucinska et al., 2004; Gichner et al., 2008; Shahid et al., 2011) . Lead may enter the nucleus and bind directly to the DNA or indirectly to protein (Naz et al., 2015) .
After binding to DNA, lead disrupts DNA repair and replication mechanisms. Lead does not induce direct genotoxic effects until it becomes attached to naked DNA (Shahid et al., 2011) . Lead can also affect replication by replacing the zinc in the Znfinger pattern of the enzymes that intervene in DNA repair (Gastaldo et al., 2007) . Lead is one of the most toxic environmental and industrial pollutants causing DNA damage, elevating lipid peroxidation with a long biological half-life time and represents a serious environmental pollutant for animal and plants. It influences many plants, animal and human communities. Therefore, a deeper understanding of the mechanism of Pb toxicity is important.
Genomic stability
The genomic template stability (GTS, %) values, reflecting changes in SDS-PAGE, ISSR, SRAP & root and shoot growth profiles was calculated and presented in (Table 9 and Fig. 5 ). It has shown considerable variation among the treated and control plantlets. In this experiment the genomic template stability was used to reflect changes in SDS, ISSR and SRAP profiles and to compare their changes with modification in traditional growth parameters (root and shoot length) in barley plantlets. Following exposure to ascending Pb concentration, both root and shoot growth of exposed plants decreased gradually according to control group. However, shoot length was less sensitive in comparison to the two parameters. Inhibition of root growth is obvious effect of heavy metals in plants ( Ali et al., 2004) .
Genomic template stability is related to the level of DNA damage, the efficiency of DNA repair and replication. These markers would be widely applicable to study the effect of contaminants on population genetics and its adaptation to different stresses. DNA polymorphism detected using ISSR and SRAP analysis due to induced or disappearance of bands in different treatments as compared with control could be used as an investigation tool for environmental toxicology and as a useful assay. Changes in ISSR and SRAP profile induced by pollutants can be regarded as changes in genomic DNA template stability and this genotoxic effects can be directly compared with alteration in other parameters. DNA analysis have been reported as more sensitive test than classic genotoxic tests since it was capable of detecting temporary DNA changes that may not finally manifest themselves as mutations (Labra et al., 2003) . Pourrut et al. (2008) showed that, excessive lead accumulation in plant tissue impairs various morphological, physiological, and biochemical functions in plants, either directly or indirectly, and induces a range of deleterious effects. It causes phytotoxicity by changing cell membrane permeability, by reacting with active groups of different enzymes involved in plant metabolism and by reacting with the phosphate groups of ADP or ATP, and by replacing essential ions. Lead toxicity causes inhibition of ATP production, lipid peroxidation, and DNA damage by over production of ROS. In addition, lead strongly inhibits seed germination, root elongation, seedling development, plant growth, transpiration, chlorophyll production, water and protein content. The negative effects that lead has on plant vegetative growth mainly result from the following factors: distortion of chloroplast ultrastructure, obstructed electron transport, inhibition of Calvin cycle enzymes, impaired uptake of essential elements, such as Mg and Fe, and induced deficiency of CO 2 resulting from stomata closure.
The conclusions of the research conducted in the present study are: 1) SDS-PAGE, ISSR and SRAP analysis are a highly sensitive methods for the detection of protein and DNA damage induced by environmental pollutants like Pb 2) the growth parameters most sensitive to Pb exposure is root growth 3) increasing the concentration of Pb exposure affects the genomic template stability and may induce a gain or loss in the number of bands and 4) the genomic template stability is a highly sensitive parameter compared with the traditional methods such as root and shoot growth lengths. This study suggest that the SDS-PAGE, ISSR and SRAP analysis used in conjunction with other growth parameters can be consider a powerful tool for identifying DNA damage induced by Pb contamination, which may be useful for risk assessment of environmental contamination.
SUMMARY
Assement of genotoxins-induced DNA damage at molecular level is important in eco-genotoxicology. In this research, ISSR and SRAP were used to detect DNA damage in barley (Hordeum vulgare L.) seeding exposed to toxic ascending Pb at concentration of 50,100, and 150 mg/l for 15 days. Substantial inhibition of root growth was observed with an increase in the Pb concentration, whereas shoot growth was non significantly inhibited compared to the unexposed plantlets. The alternations in the SDS-PAGE of seed proteins are indicative of the ability of lead (Pb) to alter the gene expression in exposed plant. For the ISSR analyses, 9 ISSR primers were found to produce a total of 53 amplification products (loci) from the nine primers were identified in the control seedlings ranging from 410-1927 bp in molecular size (primer ISSR-9 and primer ISSR-8 respectively). The detected % of polymorphisms was 32.08%, 33.96% and 71.70% for 50, 100 and 150 mg/l lead treatment, respectively. While for the SRAP analyses, three ISSR primers were found to produce a total of 17 amplification products (loci) from the three combinations primers were identified in the control seedlings ranging from 127-1883 bp in molecular size. Different polymorphic bands were detected at each concentration of lead for different primers. The detected % of polymorphisms 52.94%, 58.82% and 70.59% for 50, 100 and 150 mg/l lead treatment, respectively. The number of disappearing SRAP bands was the highest (7) in Pb treated seedlings 150 mg/l. Moreover, the number of appearing SRAP bands was the highest (4) in Pb treated seedlings 100 and 50 mg/l.
Results produced from SDS-PAGE, ISSR and SRAP analysis indicated that the evident changes of exposed barley seedlings included gain or loss of bands compared with the control seedlings. The polymorphisms detected by both of SDS-PAGE, ISSR and SRAP profiles can be applied as a tool in risk assessment of Pb stress on plants. The results suggested that genomic template stability (GTS) reflecting changes in SDS-PAGE, ISSR and SRAP profiles was the most sensitive endpoint compared with the traditional indices such as root and shoot growth.
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